Abstract
Introduction

26
Clay minerals are an important class of ubiquitous naturally-occurring nanoparticles. 27 Because of their small size, expansive properties, anisotropic shape and reactive surfaces, the Quaternary alkylammonium ions can exhibit some antimicrobial properties which could limit 50 their effectiveness by being toxic to natural xenobiotic degraders since this would hinder 51 natural attenuation of the pollutant in the environment (Nye et al., 1994; Sarkar et al., 2010) . 52 The use of organoclays prepared with naturally-occurring organic cations is then of advantage. The air-dried SSF of Na-SWy-2 without spermine had a basal spacing of 1.27 nm ( incorporated into the SSFs (Fig. 3) The FTIR spectra of SSFs of Na-SWy-2 reacted with different amounts of spermine were 228 normalized to the band of the stretching mode of structural OH groups of smectite, υ(OH), at 229 3630 cm -1 , which was used as an internal standard (Fig. 4) . The position of this band was 230 slightly shifted to lower wavenumbers upon saturation of Na-SWy-2 with spermine ( Fig. 4A ), 231 presumably due to the interaction between the organic cations and the montmorillonite layers.
232
This explained the impact of spermine on the dehydroxylation temperature of the clay mineral 233 as observed in the TGA study. The broad band appearing in the spectra near 3400 cm -1 ( was carried out to further characterize the montmorillonite-spermine samples (Fig. 6 ). In the 253 in situ ATR-FTIR spectra of water, Na-SWy-2 in water, and Na-SWy-2 after reaction with 254 spermine at the highest concentration (Fig. 6A, 6B , and 6C), the most prominent bands were 255 the OH stretching (~3500 cm -1 ) and bending (1639 cm -1 ) bands of water. In addition, the υ(Si-
256
O) band of Na-SWy-2 (1040 cm -1 ) was also visible in the spectra 6B and 6C. Subtraction of 257 the water signal was used to evaluate modifications in the absorption bands of Na-SWy-2 after 258 adsorption of spermine ( Fig. 6D and 6E ). In the extended view of spectrum 6E, the N-H and 259 C-H deformation band of spermine was identified at 1479 cm -1 (Fig. 6F ), whereas this band 260 appeared at 1473 cm -1 in the spectrum of spermine at 30 mM in the ATR-FTIR cell (Fig. 6G ). 
286
Considering the surface charge density of SWy-2 as 1.07 mmol charges per m 2 (Table 1) , 287 the distance between two adjacent charges in spermine (0.5-0.6 nm, Fig. 1 Fluometuron SSFs (Fig. 8) . The isotherms showed the high affinity of fluometuron for content of the SSFs, which was < 3 g herbicide kg -1 (i.e., 13 mmol kg -1 ) in all cases (Fig. 8) . In 317 the diffuse reflectance spectrum of fluometuron (Fig. 9H) , the main absorption bands 
